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INTRODUCTION
Autism spectrum disorder (ASD) is a behaviorally defined neurodevelopmental disorder that affects as many as 1 in 86 children (Baird et al., 2006) . Its defining features include mild to severe impairments in communication and reciprocal social interaction as well as repetitive and stereotyped behaviors children. Difficulty in recognizing and appropriately reacting to other people's emotions, whether they are communicated by facial expressions, vocal tone, gestures or bodily postures, counts among the most frequently noted anomalies in the social-communicative skills of people with ASD.
To date, research on these issues has focused primarily on impairments in the neurofunctional processes associated with viewing facial expressions. Face perception involves a network of subcortical and cortical areas, including the superior colliculus, the pulvinar nucleus of the thalamus, the amygdala, the insula, the inferior occipital gyrus, the lateral fusiform gyrus, the superior temporal sulcus, the somato-motor cortex, the inferior frontal gyrus and the orbitofrontal cortex [for review, see Ishai (2008) ]. Functional abnormalities have been found in the face perception network in ASD in response to emotionally neutral (Golarai et al., 2006; Hadjikhani et al., 2007; Kleinhans et al., 2008) as well as emotionally expressive (Dapretto et al., 2006; Hall et al., 2007; Pelphrey et al., 2007) faces, particularly in the amygdala and the mirror neuron system (MNS). Although earlier behavioral studies did not consistently find emotion perception deficits [ (Hobson et al., 1988; Braverman et al., 1989; Macdonald et al., 1989; Tantam et al., 1989; Capps et al., 1992; Davies et al., 1994) , but see (Ozonoff et al., 1990; Baron-Cohen et al., 1997; Grossman et al., 2000; Gepner et al., 2001; Adolphs et al., 2003) ], recent studies taking a more fine-grained approach have documented emotion recognition impairments mainly in the perception of negative emotions, especially fear (Baron-Cohen et al., 2000; Dawson et al., 2004; Welchew et al., 2005; Ashwin et al., 2006 Ashwin et al., , 2007 Corden et al., 2006; Gaigg and Bowler, 2007; Humphreys et al., 2007) .
Emotion perception deficits in autistic individuals are not necessarily limited to the perception of faces, but may involve perception of other emotion signals abundantly available in the social environment, such as emotions expressed by the whole body. In a recent study, Hubert et al. (2007) demonstrated that ASD individuals performed significantly worse than controls in recognizing emotions from point-light displays even though they performed as well as control participants in recognizing simple actions and objects manipulations. The authors interpreted their findings as evidence that emotional perception difficulties are not restricted to faces but also affect the perception of body expression of emotion.
Investigations focusing on neutral body postures and movements have revealed some intriguing similarities between visual perception of faces and of bodies. For example, inverted presentation has been shown to have similarly disruptive effects on perception and processing of bodies and faces, suggesting that body perception, like face perception, depends on configural perceptual processes (Reed et al., 2003; Stekelenburg and de Gelder, 2004) . In addition, an inversion effect has been shown in the recognition of emotions expressed by whole-body movement (Atkinson et al., 2007) . A recent study by Van de Riet and colleagues (2008) that specifically compared processing of affective information from faces and bodies has further underlined the similarities between perception of emotions in faces and bodies and its neurofunctional bases. This study showed that the amygdala and the fusiform gyrus are involved in recognizing emotional signals, whether expressed via the face or the whole body, and that the extrastriate body area of the middle occipital-temporal region is not sensitive to emotion. In addition, specific parts of the superior temporal sulcus (STS), parietal lobe and subcortical structures were found to be selectively responsive to facial and body expression.
In previous studies with neurotypical (NT) individuals (Hadjikhani and de Gelder, 2003; de Gelder et al., 2004) , we found that bodily expressions of emotion, in which no information was available from the face, activated a network of brain regions similar to those activated by facial expressions of emotion. These areas included the fusiform face area (FFA), the Inferior Occipital Gyrus (IOG), areas of the MNS, including the inferior frontal cortex (IFC) and the inferior parietal lobule (IPL), as well as subcortical structures, including the superior colliculus, pulvinar and amygdala. These findings suggest an overlap in the neural mechanisms subserving emotional perception whether expressed in the face or in the body. In addition, these stimuli activated areas involved in representation of movement, suggesting fear contagion and automatic preparation of the brain for action in the presence of body expression of fear.
The amygdala plays an important role in the perception of emotion, and there are indications from neuropathology, lesion and neuroimaging studies that it plays a role in the social cognition deficits in autism. Numerous studies have found abnormalities in the amygdala of autistic participants (Bauman and Kemper, 1985; Abell et al., 1999; Aylward et al., 1999; Howard et al., 2000; Pierce et al., 2001; Nacewicz et al., 2006; Schumann and Amaral, 2006) and some have suggested that amygdala dysfunction may play a causal role in autistic social impairment (Baron-Cohen et al., 1999; Adolphs et al., 2001; Schultz, 2005) . Interestingly, however, prior studies (Adolphs et al., 2003; Atkinson et al., 2007) have demonstrated that the amygdala is not necessary for the normal recognition of emotions in whole bodies.
In addition, other components of the 'structural encoding system' for faces (Bruce and Young, 1986) are also involved in the early stages of body perception (Gliga and DehaeneLambertz, 2005; Johnson, 2005; Skuse, 2006; Tsuchiya and Adolphs, 2007) . These include the superior colliculus and the pulvinar nucleus of the thalamus. The pulvinar plays an important role in fear recognition, as shown in lesion studies (Ward et al., 2005) . It receives inputs from the superior colliculus and the retina, and has reciprocal connections with higher cortical areas, including the extrastriate cortex, the frontal cortex and the amygdala (Grieve et al., 2000) . To date, only one study has examined these structures in ASD and reported decreased connectivity between the midline thalamus, the superior colliculus and the FFA during face perception (Kleinhans et al., 2008) .
Here, we tested the hypothesis that abnormalities in emotional perception in ASD are not confined to faces, but that they also pertain to the perception of bodily expression. To do so, we examined behavior and brain activation in individuals viewing bodies expressing emotion, specifically fear, as compared with emotionally neutral bodies engaged in everyday actions.
MATERIALS AND METHODS Participants
The Massachusetts General Hospital Human Studies Committee approved all procedures. After a complete description of the study was provided to the participants, written informed consent was obtained. Twelve adult highfunctioning (WASI, 1999) (IQ: 126 AE 10) ASD participants (nine males, mean age 30 AE 11 years) took part in the functional magnetic resonance imaging (fMRI) study. Functional data from three ASD participants were discarded because of technical problems (excessive motion artifacts). All ASD participants were diagnosed with autism (eight participants), Asperger disorder (three participants) or pervasive developmental disorder not otherwise specified (one participant) by an experienced clinician on the basis of their current presentation and developmental history, using the Autism Diagnostic InterviewRevised (ADI-R) (Lord et al., 1994) and the Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2000) (Table 1) . We compared fMRI data from ASD participants with data from seven NTs who had participated in a previous study using the same paradigm and whose data were published in Hadjikhani and de Gelder (2003) and de Gelder et al. (2004) (three males, mean age 35 AE 12 years). In addition, 11 adult NT (eight males, mean age 31 AE 14 years) participated in the behavioral task only.
Behavioral experiment
During the fMRI data acquisition, participants passively viewed the screen and no behavioral data were gathered. A separate behavioral experiment was conducted to assess an autism-specific deficit in body emotion recognition. We used a computerized, two-alternative-forced-choice, matchto-sample paradigm to test recognition of emotional bodies as compared with recognition of neutral actions in 11 ASD and 11 NT participants using a two alternative forced choice paradigm. Participants were instructed to decide which one of the two body stimuli in the bottom row matched the target stimulus on the top. The correct match among the two bottom stimuli was equivalent to the top stimulus in either action or emotion expressed, but not in the identity of the actor. The neutral action condition included actions such as opening a door, talking on the phone, pouring a drink, pulling up pants and comb hair ( Figure 1A ). The emotional bodies condition included bodily expressions of sadness, anger and fear in which the actor's face was obscured. Each condition included 18 stimuli presented in upright orientation and 18 stimuli presented in inverted orientation, which was expected to hinder recognition. Stimuli were presented in random order and remained on the computer screen until the participant responded. Both response accuracy and reaction time were recorded.
fMRI experiment This experiment used the same stimuli as those used in our previous studies (Hadjikhani and de Gelder, 2003; de Gelder et al., 2004) (Figure 1B ). The neutral action stimuli were similar to those presented in the behavior experiment. The emotional body stimuli were limited to the expression of fear. The neutral and fearful bodies were shown in upright orientation in an AB-blocked presentation of eight cycles, each 24 s long. Within each block, an image was presented every 2 s for 300 ms with a 1700 ms blank-screen interval between stimuli, during which a fixation cross was present. Stimulus order was randomized within each block across participants. Participants were instructed to observe the images attentively and to maintain fixation. No other task was included to avoid interference with processing of the emotion (Lange et al., 2003) and masking of stimulus-related activation in motor and premotor cortex by a motor response .
fMRI data acquisition Anatomical and functional MR images of brain activity were collected in a 3T high-speed echoplanar-imaging device (Trio, Siemens, Erlangen, Germany) using a phased-array head coil. The scanner and the scanning sequences were identical for ASD and NT. Participants lay on a padded scanner couch in a dimly illuminated room and wore foam earplugs. Foam padding stabilized the head. The scanning acquisition parameters were the same as those used in the Hadjikhani and de Gelder's (2003) Data analysis fMRI data analysis. Image analysis was conducted using the NeuroLens analysis package (Hoge and Lissot, 2004) (http://www.neurolens.org, version 1.3). All functional Echo planar imaging (EPI) and structural scans were first converted from Digital Imaging and Communications in Medicine (DICOM) to Medical Imaging NetCDF (MINC) format using NeuroLens. Functional image series were motion corrected to the third frame in each series within NeuroLens using a hardware-accelerated module based on source code from AFNI's 3dvolreg module (Cox and Jesmanowicz, 1999) . Next, each image series was spatially smoothed in 3D with a 6 mm FWHM 3D Gaussian kernel. Intensity normalization was also applied to set the mean intra cranial signal of each EPI series to a standard value of 10 000. The signal at each voxel in the motion-corrected, smoothed and intensity normalized image series was then fit with a linear model consisting of a regressor representing the periods of emotional bodies presentation, plus four regressors containing the terms of a third order polynomial to represent the baseline EPI signal (in this case corresponding to fearful bodies) plus low frequency signal drift. Volumes containing the estimated effect size and associated standard error for the primary contrast (fearful vs neutral) at each voxel were then registered to a standard space based on the Montreal Neurological Institute (MNI) template (Collins et al., 1994) . This spatial normalization was performed in NeuroLens by fitting the third frame of each individual's EPI series to an EPI target brain and applying the resultant transformation to the computed effect size and standard error volumes for that individual. The EPI template was generated by registering whole-brain EPI scans from 40 participants (using the same pulse sequence and parameters as the present study) to the MNI standard space and averaging them. The spatially normalized effect size and standard error volumes were input to a mixed effect group analysis in NeuroLens based on the method described by Worsley et al. (2002) . This procedure combines fixed and estimated random effects variance in proportions required to achieve a user-specified number of degrees of freedom (in this case 100). The modeled group effect size and standard error were then divided to produce a volumetric map of T-statistic with 100 degrees of freedom. Based on this T-statistic volume, a map of P-values was computed based on the T value at each voxel. The computed significance values were displayed as the negative base ten logarithm of each voxel's P-value, which produces a low background value while highlighting areas of elevated significance. The map of -log(p) was then thresholded using an amplitude cutoff of 2.0 (corresponding to P ¼ 0.01), and a cluster size threshold of 0.16 ml, which requires that 20 contiguous voxels must all exceed the specified amplitude threshold to be included. This size threshold, plus restriction of the search volume to the intracranial space, reduces the effective P-value for the minimal accepted cluster to <10 -5
. The thresholded P map was then sampled on the cortical surface of an individual subject using on the inverse coordinate transformation between this individual's native space and the group MNI space. Cortical surface files were generated using FreeSurfer Fischl et al., 1999) (http://surfer.nmr.mgh.harvard.edu) and loaded in NeuroLens, which was then used to interpolate the values in the group T-statistic volume (transformed to the individual's space) at the vertex locations of the cortical surface.
Region of interest analysis. In addition to full brain analysis, we performed region of interest (ROI) analysis on areas that we had seen activated in our previous study comparing fearful bodies with neutral bodies in NTs (de Gelder et al., 2004, Table 1 ). These ROIs been computed on the cortical surfaces, where clusters of contiguous vertices with a significance of P <0.05 and covering an area of at least 185 mm 3 had been identified, and Talaraich coordinates and the corresponding structure of the center of each cluster identified by visual inspection of the target individual's anatomy, and corrected for multiple comparison using Monte Carlo simulations.
Those ROIs were located in the superior colliculus, pulvinar, amygdala, accumbens, putamen, fusiform gyrus, the anterior insula and IFC. Hemodynamic time courses were extracted from each ROI. For each group and for each condition, the level of the DC normalized signal at 6 s was extracted and differences between groups were computed.
RESULTS

Behavioral results
A mixed-model Analysis of variance between groups (ANOVA) was conducted on the behavioral accuracy data with the between-subjects factor group (ASD, NT) and the within-subjects factors test condition (emotion, neutral) and orientation (upright, inverted). Main effects were found for test condition, F(1, 20) ¼ 5.8, P < 0.05 and orientation, F(1, 20) ¼ 16.1, P < 0.001, but not for group, F(1, 20) ¼ 0.2, n.s. Accuracy was significantly higher in the neutral action as compared with the emotionally expressive condition, and for upright as compared with inverted orientation. There was a significant interaction effect between group and test condition, F(1, 20) ¼ 12.6, P < 0.005. As can be seen in Table 2 , the ASD group scored higher than the NT group in the action condition, but lower than the NT group in the emotion condition. ANOVAs conducted separately for each group demonstrated that whereas ASD participants were significantly more accurate in the neutral action than in the emotionally expressive condition, F(1, 10) ¼ 9.7, P < 0.01, NT participants tended to perform better in the emotionally expressive than the neutral action condition, F(1, 10) ¼ 4.0, P < 0.07.
fMRI whole brain results
The only areas showing differential activation to fearful as compared with emotionally neutral bodies in ASD participants were the striate and extrastriate visual cortex (Figure 2 , top panel).
To explore whether the very limited differential activation between the fearful and neutral conditions in ASD was due to a generally lower level of activation or, consistent with our predictions, to an impaired perception of the difference between emotional and nonemotional body images, we compared groups for each condition separately. The difference of level of activation between NT and ASD participants for the emotional condition is shown in Figure 2 (middle panel), and the difference of activation between NT and ASD participants for the neutral condition is shown in Figure 2 (bottom panel).
In the emotional condition, NT participants showed higher activation than ASD participants in areas related to visual detection and observation (colliculus, pulvinar, amygdala), visual processing (extrastriate cortex, ventral temporal-occipital cortex), areas involved in emotional evaluation (amygdala, nucleus accumbens, anterior insula), preparation for action (putamen, motor and premotor cortex) and in the MNS (IFC) [see also de Gelder et al. (2004) ].
In contrast, in the neutral condition, NT and ASD participants showed very similar activation, as can be seen in the bottom panel of Figure 2 . This pattern of findings suggests that a lack of modulation by emotion explains the lack of differential activation between the fear and the neutral condition in ASD.
fMRI ROI-based results
In the emotional condition, NT participants showed higher levels of activation than ASD participants in all ROIs (colliculus, pulvinar, amygdala, nucleus accumbens, putamen, FFA, anterior insula and IFC) Figure 3 . In the neutral condition, areas where NT had more activation than ASD were restricted to the IFC and the anterior insula. Betweengroup comparisons of the differential activation for fearful vs neutral bodies is shown in Table 3 .
DISCUSSION
The main finding of this study is that brain activation patterns in individuals with ASD do not show evidence of differentiation between bodily expressions of fear and bodies engaged in neutral actions. This finding suggests an abnormality in the network of brain areas that are normally engaged in the perception of bodily expressed emotions in NT individuals, and is consistent with recent behavioral findings of Hubert et al. (2007) who reported normal perception of point-light displays of neutral actions in ASD, but abnormal perception of emotions. Our previous studies (Hadjikhani and de Gelder, 2003; de Gelder et al., 2004) have shown that seeing fearful body expressions modulate activation in areas associated with emotional processing, as well as in areas linked with representation of action and movement. The coactivation of emotion-and action-related brain areas in NT individuals suggests a neural mechanism whereby observing fearful behavior in others triggers fear contagion and prepares the body for action. This kind of emotional contagion was absent in ASD participants in the present study. A possible explanation for the lack of differential activation in response to emotional body expression could be that our ASD participants had very little activation, in general, for social stimuli, regardless of their emotional valence. A generally low level of activation could arguably result from a lack of attention in ASD participants. However, the ASD group's comparable performance with NT participants in the action condition of the behavioral task suggests that Fig. 2 Lateral, medial and ventral view of 3D reconstructions of a brain. Red indicates areas of significant differences (P < 10 À4 ) between conditions (top panel) or between groups (middle and bottom panels). Top panel shows differential activation between Fearful and Neutral condition in the ASD group. Only the striate and extrastriate visual cortex show differential activation. The middle panel shows differential activation between NTs and ASD participants for the fear condition. NT participants show significantly more activation than ASD in the inferior frontal, motor, premotor, temporal and ventro occipito-temporal cortices. The bottom panel shows differential activation between NTs and ASD participants for the neutral condition. Contrary to what is seen for the emotional condition, very little difference is seen, with the presence of more activation for neutral stimuli in NT present in IFC and anterior insula only, ruling out an attentional effect in the results seen in the middle panel. they were compliant with task instructions and attended to the stimuli in the scanner as instructed. Furthermore, the observations of similar activation in the neutral condition, except in the anterior insula and the IFC, for ASD and NT participants rule out that lower activation levels resulted from a generalized attentional effect. Our findings show that emotion perception impairments are independent of face-perception difficulties, and that they extend to the perception of bodily expression of emotion. Stimuli presented in this study had blurred faces, and no information was available from facial expression. In addition, our data show that the lack of emotional modulation by fearful bodily expression is accompanied by a lack of involvement of action-representation areas normally observed in response to bodily expression of fear, indicating an absence of emotion contagion in ASD.
Besides the cortical areas and the amygdala playing a role in emotional action observation, we also found important group differences in subcortical structures. The superior colliculus, the pulvinar and the amygdala comprise a subcortical route involved in the early detection of biologically relevant stimuli, so far mostly highlighted for its role in processing faces (Johnson, 2005; de Gelder, 2006) . While these areas were activated in NT for the emotion condition, we did not observe any activation in these areas in ASD. A weaker than normal activation of structures involved in the perception of salient stimuli during emotion perception in ASD may compromise the normal recruitment of areas involved in emotional perception and preparation for action (Tsuchiya and Adolphs, 2007) . These results are in agreement with a recent report of decreased connectivity between the midline thalamus, the superior colliculus and the right fusiform gyrus in ASD (Kleinhans et al., 2008) . Decreased activation of the IFC in ASD is also consistent with our previous findings (Hadjikhani et al., 2006 (Hadjikhani et al., , 2007 and those of Dapretto et al.'s (2006) indicative of MNS dysfunction in ASD.
CONCLUSION
To summarize, the aim of the present study was to explore the brain mechanisms underlying the perception of expressions of emotion in the whole body in ASD. We show that emotion as expressed by the whole body and excluding facial expressions fails to activate ventral visual areas and MNS in ASD, contrary to what is found in NTs.
Our study is the first functional imaging study of emotional communication with body language in ASD. While it shows the potential of this approach, it presents several limitations. First, we only examined a small sample of participants. However, using mixed-effect analysis, we were able to show clear differences in activation between ASD and NT participants. Second, we did not collect behavioral data in the functional scans. We chose not to do so because we wanted to observe activation in premotor and motor areas, which would have been masked if a button-press component was present, and because we were collecting independent behavioral data outside the magnet.
Despite these limitations, our data do show a clear difference between NT and ASD participants during the perception of fear expressed by the body. Our results raise the possibility that an abnormal pulvinar function, by compromising social orienting, and an abnormality of the amygdala, Fig. 3 Differences of activation in the ROIs between ASD and NT controls during the perception of fearful bodies (red bars) and neutral bodies (green bars). NT participants had more activation than ASD for the Fearful condition in all ROIs. These differences between NT and ASD were not present in the Neutral condition (green bars), except in the anterior insula and the IFC where ASD exhibited less activation than NT. by compromising basic stimulus-reward associations, could lead to underdevelopment of a broader brain network involved in emotional evaluation, including the MNS. An inappropriate emotional response may then fail to trigger areas of the MNS and as a consequence would lead to a lack of mirror activity that would then fail to evoke somatic markers important for the generation of the feeling of emotion (Damasio, 1999) . Such a possibility could help to explain the social-emotional impairments that characterize ASD.
